Abstract-
Introduction
Much attention is focused on description of traffic in asynchronous packet networks (represented by ATM and IP networks) [1] [2] [3] [4] [5] . There are various methods for traffic description. Many of them are complex with high computational requirements. The description by Markov chains is one of them. Therefore the Erlang formulas [6] [7] can be very efficient and simple way how we can describe traffic parameters in asynchronous networks.
Erlang formulas use traffic parameters such as loss, delay, bandwidth and link utilization. These parameters are especially important from the Quality of Service (QoS) [8] [9] [10] providing point of view. Hence the Erlang formulas seem to help us in the field of Quality of Service in Next Generation Networks (NGN) [11] [12] [13] .
The paper proposes the idea of utilization of Erlang B and Erlang C formulas for description of traffic in NGN networks. The second part of the paper deals with the possibility of application of Erlang B formula in contact center environment.
Erlang theory is described in detail in [14] . This paper is organized as follows. In section 2, we discuss about asynchronous networks (ATM and IP).
In Section 3, we analyze Erlang B and Erlang C formulas. 
Erlang Formulas
Two Erlang formulas (B and C) are used to describe the traffic in asynchronous networks. Calculations were performed in Matlab environment.
The Erlang B Formula
The Erlang B formula represents the ratio of lost calls.
Therefore it is sometimes called "loss Erlang formula".
It is defined as follows:
where B is ratio of lost calls [%], A is total offered traffic [Erl] and N is number of channels (links).
The first Erlang formula can be written also in the following form:
The use of (2) can significantly decrease the computational requirements and we can also calculate the load of the system with the higher values [6] [7] .
The following conditions must be met for the first Erlang formula:
• The flow of requests (calls) originates randomly with exponential distribution of incoming requests, which means the higher distance between requests, the lower number of these cases.
• Service time has similar distribution, i.e. exponential decreasing of requests with higher service time.
• The flow of requests is steady, as if it comes from infinite number of request sources.
• There is full availability of requests to all served links.
• Rejected requests do not return to incoming flow, therefore there are not repeated requests.
• No two requests will originate together [6] . IP traffic brings radical changes into telephone networks. The condition 2 is not fulfilled. And because the traffic from one source is considerable increasing, also the condition 5 can not be met.
The Erlang C Formula
The Erlang C formula also assumes infinite number of traffic sources. These sources generate the traffic can store infinite number of requests concurrently. This
Erlang formula calculates probability of creation of waiting queue in the case of traffic A, and if it is assumed that the blocked calls will remain in the system until they are served [6] .
, where N>A (3) where A is total offered traffic [Erl] , N is number of channels (links) and C is probability of waiting for service.
• Dividing numerator and denominator by
• consecutive use of Erlang B formula (1).
(4)
Common Characters of Asynchronous and

Synchronous Networks
Erlang formulas were primary intended for traffic description in synchronous networks. The idea is to use these formulas also for asynchronous networks. 
Analysis of Erlang B Formula
This part represents results obtained by calculations through Erlang B formula. Input parameters were given as follows:
• One of parameters is constant.
• Other parameter was increased in given step sequence.
It is known that we can calculate the loss B through
Erlang B formula if we have given link utilization A and bandwidth N. But it is also possible to calculate the link utilization A by method of bisection, if we know the bandwidth N and loss B [7] .
Bandwidth and Loss in the Case of Constant Link Utilization
The tendencies are following:
• The loss B is decreasing if the bandwidth is increasing and link utilization is constant.
• The loss B is increasing if the link utilization
A is increasing. 
Analysis of Erlang C Formula
This part represents the results obtained by calculations through Erlang C formula (4) . By this equation we can calculate the possibility of delay C and loss B if we know the two parameters -the link utilization A and bandwidth N. Also in this case the input parameters were given as follows:
Link Utilization and Probability of Delay in the Case of Constant Bandwidth
• In the case of constant probability of delay C and increasing bandwidth N the link utilization A can be higher.
• In the case of constant link utilization A and increasing bandwidth N the probability of delay C is decreasing.
• In the case of increasing link utilization A and constant bandwidth N the probability of delay C is increasing. are either assigned to a free agent or are blocked and not served in case of no free agent is available. The most important output parameter of the model is the probability of call blocking P B . To avoid problems and accuracy issues when computing results for large contact centers (many agents, therefore division of two large numbers), all calculations are done using slightly modified algorithm [15] .
( )
where N is number of agents and A is traffic load.
For a system without waiting queue it is also important to determine the mean number of requests in the system K (i.e. mean number of occupied agents and links) and utilization of agents η [16] : 
Extended Erlang B Formula
It is possible to modify the original Erlang B formula, so that we can consider also the traffic caused by repeated call attempts, in case of the unsuccessful previous attempt (thus, the call was rejected). This form of modified Erlang B formula is called extended Erlang B formula [15] . These repeated attempts to the contact center achieving can in specific cases significantly increase the overall traffic load. Therefore it is interesting to verify the behavior of the contact center also in this situation.
One new parameter is necessary -coefficient r (recall factor). Then the contact center traffic load consists of two components: incoming calls and repeated calls [17] :
where A 0 represents the incomming calls (in Erlangs), R represents repeated calls a P B is probability of call blocking according to the basic Erlang B formula.
It is possible to modify (8) into form: 
Conclusion
The paper proposes the idea of utilization of Erlang Therefore, the better alternative is usage of the Erlang C formula.
